Introduction
============

Bladder cancer is the sixth most common cancer in USA and accounts for 4.6% of all new cancer cases.[@b1-dddt-12-1727] An estimated 79,000 new patients will be diagnosed with bladder cancer, and an estimated 17,000 deaths will occur as a result of the disease each year.[@b1-dddt-12-1727] Bladder cancer incidence is four times higher in men than in women. The most common type of bladder cancer is transitional cell carcinoma (TCC), which accounts for over 90% of all bladder cancer cases in USA.[@b1-dddt-12-1727]

Early detection and development of novel targeted therapies with higher efficacy and fewer adverse events as compared to commonly used chemotherapy treatments are currently a primary focus in research for bladder cancer treatment.[@b2-dddt-12-1727] Receptor tyrosine kinase inhibitors (RTKIs) are used for patients diagnosed with bladder cancer that have high expression of receptor tyrosine kinases (RTKs), including the platelet-derived growth factor receptor (PDGFR), c-Kit receptor, epidermal growth factor receptor (EGFR),[@b3-dddt-12-1727],[@b4-dddt-12-1727] or vascular endothelial growth factor receptor (VEGFR).[@b5-dddt-12-1727] Currently used RTKIs for the treatment of bladder cancer are monoclonal antibodies, including cetuximab[@b4-dddt-12-1727],[@b6-dddt-12-1727] and bevacizumab,[@b7-dddt-12-1727],[@b8-dddt-12-1727] and small molecules, including gefitinib,[@b9-dddt-12-1727] sunitinib,[@b10-dddt-12-1727] and axitinib.[@b11-dddt-12-1727] Axitinib (also known as AG013736 or Inlyta^®^; Pfizer, New York, NY, USA) is a potent RTKI (VEGFR half-maximal inhibitory concentration \[IC~50~\] =0.1--0.3 nM, c-Kit IC~50~ =1.7 nM, and PDGFR IC~50~ =1.6 nM) therapy option for patients diagnosed with metastatic clear cell renal cell carcinoma (RCC).[@b12-dddt-12-1727] Axitinib significantly increases progression-free survival rates in patients with RCC when compared to those treated with sorafenib.[@b13-dddt-12-1727] AB1010 (known also as Masitinib^®^, Masivet^®^, Kinavet^®^; AB Science, Paris, France) is a novel RTKI that targets the c-Kit (IC~50~ =200 nM) and PDGFRα/β (IC~50~=540--800 nM) receptors.[@b14-dddt-12-1727] Previous studies have demonstrated the effectiveness of AB1010 as a viable treatment option for canine mast cell tumors by reducing cell viability and degranulation of mast cells without cytotoxic effects.[@b15-dddt-12-1727],[@b16-dddt-12-1727] AB1010 can act as a chemo-sensitizer by increasing the sensitivity of canine bladder, breast, and osteosarcoma cancer cells to chemotherapy agents in vitro.[@b17-dddt-12-1727]--[@b19-dddt-12-1727] Similar favorable results have also been demonstrated with AB1010 in combination with gemcitabine in human pancreatic cancer cells in vitro.[@b20-dddt-12-1727] Preliminary results from a preclinical trial with AB1010 for patients diagnosed with imatinib-resistant gastrointestinal stromal tumors (GISTs) indicate that AB1010 is well tolerated and increases overall patient survival.[@b21-dddt-12-1727]

Cyclooxygenase (COX)-2 is highly expressed in bladder cancer and is one of the key proteins responsible for angiogenesis[@b22-dddt-12-1727],[@b23-dddt-12-1727] and tumorigenesis.[@b24-dddt-12-1727],[@b25-dddt-12-1727] Increased prostaglandins production positively correlates with COX-2 expression levels and progression of cancer.[@b26-dddt-12-1727]--[@b29-dddt-12-1727] Nonsteroidal anti-inflammatory drugs (NSAIDs), inhibitors for COX enzymes, are commonly used for the prevention and treatment of cancers.[@b30-dddt-12-1727]--[@b34-dddt-12-1727] One of the common side effects of long-term NSAIDs usage is gastrointestinal toxicity.[@b35-dddt-12-1727],[@b36-dddt-12-1727] The development of COX-2 selective inhibitors (COXIBs), such as celecoxib,[@b37-dddt-12-1727],[@b38-dddt-12-1727] effectively reduces the side effects in patients.[@b39-dddt-12-1727]--[@b43-dddt-12-1727] Several studies have shown that RTKIs increase COX-2 expression, which can possibly lead to therapy resistance.[@b39-dddt-12-1727],[@b44-dddt-12-1727],[@b45-dddt-12-1727] The cross-talk between the RTK and the COX-2 signaling pathways plays a key role in tumorigenesis.[@b46-dddt-12-1727],[@b47-dddt-12-1727]

In this study, we evaluated the efficacy of axitinib and AB1010 (RTKIs) in co-treatment with indomethacin (NSAID) in bladder TCC cells in vitro. We have validated the antiproliferative and proapoptotic effects of axitinib and AB1010 alone and in combination with indomethacin through regulation of COX-2 activity in bladder TCC cells in vitro.

Materials and methods
=====================

Reagents and antibodies
-----------------------

AB1010 (Masitinib^®^) was obtained from AB Science; axitinib was purchased from Sigma-Aldrich (St Louis, MO, USA) and indomethacin was obtained from the laboratory of Dr Lawrence Marnett (Vanderbilt University, Nashville, TN, USA). The antibodies for COX-2 (C-20), COX-1 (H-62), PDGFRα (C-20), phosphorylated PDGFRα (p-PDGFRα) (Tyr720), phosphorylated extracellular signal regulated kinases 1/2 (p-ERK1/2) (E-4), phosphorylated V-akt murine thymoma oncogene homolog 1 (p-Akt) (Ser473), c-Kit (961-976), p-c-Kit (Tyr721), Akt1/2/3 (H136), ERK1/2 (K-23), caspase-3 (H-277), actin, and donkey anti-goat secondary antibodies were purchased from Santa Cruz Biotechnology Inc (Dallas, TX, USA); antibody for p65 (nuclear factor kappa-light-chain-enhance of activated B cells \[NF-κB\]) was purchased from BD Biosciences (San Jose, CA, USA); poly (ADP-ribose) polymerase (PARP) (recognize total and cleaved PARP \[cPARP\]), cleaved caspase-3 (cCaspase-3) (D175), secondary anti-rabbit and anti-mouse antibodies were obtained from Cell Signaling Technology (Danvers, MA, USA). All other chemicals and reagents were purchased from Thermo Fisher Scientific (Waltham, MA, USA), unless otherwise specified.

Cell lines
----------

Human bladder TCC cell lines h-UM-UC-3, h-T24, and h-5637 were purchased from American Type Culture Collection (ATCC, Manassas, VA, USA). Cell lines were authenticated via short tandem repeat DNA profiling by Genetica DNA Laboratories (Burlington, NC, USA). h-T24 cells were grown in McCoy's media (GE Healthcare Bio-Sciences, Pittsburgh, PA, USA), h-UM-UC-3 cells were grown in minimum essential media (GE Healthcare Bio-Sciences), and h-5637 cells were grown in RPMI-1640 media (GE Healthcare Bio-Sciences) supplemented with 10% fetal bovine serum, 100 IU penicillin, and 100 μg/mL streptomycin. Canine TCC (K9TCC) cell lines, K9TCC\#1Lillie and K9TCC\#5Lilly, were established and characterized in the laboratory of Dr Cekanova as described previously in detail.[@b40-dddt-12-1727],[@b48-dddt-12-1727],[@b49-dddt-12-1727] K9TCC\#1Lillie and K9TCC\#5Lilly were grown in complete RPMI-1640 media supplemented with 10% fetal bovine serum, 100 IU penicillin, and 100 μg/mL streptomycin. Cells were grown at 37°C and 5% CO~2~.

Proliferation (MTS) assay
-------------------------

Cells were plated in 96-well plates at a concentration of 5×10^3^ cells/well in complete media. After 24 hours incubation, cells were treated with AB1010, axitinib, indomethacin, or celecoxib (data not shown) in dose-dependent manner alone or in combinations (as specifically shown in the "Results" section) in complete media for an additional 48 hours. Vehicle, dimethyl sulfoxide (DMSO), was used as a control. After treatment, cell viability was measured using MTS CellTiter 96^®^ Aqueous One Solution Cell Proliferation Assay (Promega Corporation, Fitchburg, WI, USA) according to the manufacturer's protocol. Briefly, 20 μL of the MTS reagent was added to each well and incubated with cells at 37°C for 1 hour. Absorbance was measured at 490 nM using an FLx800 plate reader (Bio-Tek Instruments, Winooski, VT, USA). The data were shown as mean ± SE of four replicates of three independent experiments and normalized to the DMSO controls.

Annexin V-fluorescein isothiocyanate (FITC) detection of apoptosis by flow cytometry
------------------------------------------------------------------------------------

h-5637 and K9TCC\#1Lillie cells were plated in 6-cm tissue culture dishes at a density of 1×10^6^ cells/dish in complete media. After 24 hours of cell seeding, the cells were treated with DMSO (vehicle), axitinib (5 μM), and AB1010 (5 μM). After 24-hour treatment, both the media and attached cells were collected for analysis. Cells were stained with Annexin V-FITC and propidium iodide according to the TACS^®^ Annexin V kit protocol (Trevigen, Inc, Gaithersburg, MD, USA). The apoptotic cells were identified using a MACSQuant 10 Flow Analyzer (Miltenyi Biotec Inc, Bergisch Gladbach, Germany).

Caspase-3/7 assay
-----------------

Cells were plated in 10-cm tissue culture dishes at a density of 2×10^6^ cells/dish in complete media. Twenty-four hours after seeding, cells were treated with AB1010 or axitinib (1, 5, 10 μM) for an additional 24 hours in media without serum. After treatment, cell lysates were harvested using RIPA buffer supplemented with protease and phosphatase inhibitors cocktail (1 mM PMSF; 1 μg/mL aprotinin; 1 μg/mL leupeptin; 0.1 mM Na~3~VO~4~; 10 mM NaF). Protein concentrations were measured using Pierce^®^ bicinchoninic acid (BCA) protein assay (Thermo Fisher Scientific). Twenty-five micrograms of proteins were used for the detection of caspases 3/7 activities following the Caspase Glo^®^ 3/7 Substrate manufacturer's protocol (Promega Corporation). After 1-hour incubation with reagents, the luminescence signals were measured using an FLx800 plate reader (Bio-Tek Instruments). The data were shown as mean ± SE of two replicates of three independent experiments and normalized to the DMSO-treated controls.

Western blotting
----------------

Human and canine TCC cells were plated in 10-cm tissue culture dishes at a density of 2×10^6^ cells/dish in complete media and allowed to attach for 24 hours. The cells were then treated with or without serum, with drugs in a dose-dependent manner alone, or in combinations for 24 hours as mentioned in figure legends. After treatments, the cells were lysed in ice-cold RIPA buffer supplemented with protease and phosphatase inhibitors cocktail and kept at −80°C until Western blot (WB) analyses were performed. Protein concentrations were measured using the BCA protein assay. Equal amounts of proteins were loaded onto sodium dodecyl sulfate polyacrylamide gel electrophoresis gels and transferred to a nitrocellulose membrane. After blocking, the membranes were incubated with primary antibodies overnight at 4°C. Next day, the membranes were incubated with horseradish peroxidase-conjugated secondary antibodies (1:3,000 dilution) for 45 minutes at room temperature, and immunoreactive bands were visualized using the chemiluminescence system using enhanced chemiluminescence reagents. The images were captured using the BioSpectrum^®^ 815 Imaging System (UVP, Upland, CA, USA).

Prostaglandin E2 (PGE~2~) enzyme-linked immunosorbent (ELISA) assay
-------------------------------------------------------------------

h-5637 and K9TCC\#1Lillie cells were plated in 10-cm tissue culture dishes at a density of 2×10^6^ cells/dish in complete media for 24 hours followed by treatment with 5 μM AB1010 and 50 μM indomethacin alone or in combination for an additional 24 hours in serum-free media. After treatment, the media were collected and dead cells and debris were removed by spinning down the media in pre-chilled tubes. Collected media were stored at −80°C until the PGE~2~ analysis was performed. One hundred microliters of media were used for PGE~2~ analysis following the manufacturer's protocol for the PGE~2~ EIA kit (Enzo Life Sciences, Plymouth Meeting, PA, USA). PGE~2~ concentration was measured at an optical density of 405 nm with correction between 570 and 590 nm using an FLx800 plate reader (Bio-Tek Instruments). A standard curve was generated by using the Gen5™ 4 parameter logistic curve fitting software (Bio-Tek Instruments, Winooski, VT, USA) based on the PGE~2~ standards and the treated sample concentrations were calculated accordingly. The data are shown as mean ± SE of three replicates of three independent experiments and normalized to the control groups (DMSO, vehicle-treated groups).

Statistical analysis
--------------------

Statistical analyses were conducted using the Student's *t*-test to establish significant differences among treatment groups. Results were considered statistically significant at \**p*\<0.05, \*\**p*\<0.01, and \*\*\**p*\<0.001 to control, DMSO group. Student's *t*-tests were performed to compare co-treatment AB1010 + indomethacin to AB1010 treatment groups and results were considered statistically significant at ^\#^*p*\<0.05. Student's *t*-tests were performed to also compare co-treatment AB1010 + indomethacin to indomethacin treatment groups and results were considered statistically significant at ^‡^*p*\<0.05, ^‡‡^*p*\<0.01, and ^‡‡‡^*p*\<0.001.

Results
=======

Expression profile of RTK and COX signaling pathway proteins in tested TCC cells
--------------------------------------------------------------------------------

The expression profiles of RTKs, COXs, and their downstream targeted proteins were tested in h-UM-UC-3, h-T24, and h-5637 and canine (K9TCC\#1Lillie and K9TCC\#5Lilly) TCC cells by WB analysis as shown in [Figure 1](#f1-dddt-12-1727){ref-type="fig"}. While h-UM-UC-3 cells expressed relatively high levels of c-Kit and PDGFRα receptors, h-T24 cells had only low and h-5637 had no detectable protein levels of PDGFRα and c-Kit receptors. K9TCC cell lines, K9TCC\#5Lilly and K9TCC\#1Lillie, had relatively higher expression of PDGFRα and c-Kit receptors as compared to the levels detected in h-TCC cell lines. All tested TCC cells had high levels of p-ERK1/2 protein. In addition, h-5637 cells had the lowest levels of p-ERK1/2 expression, but the highest expression of p-Akt protein as compared to the other h-TCC cells. Both tested canine TCC cell lines had higher p-ERK1/2 expression, but no detectable p-Akt expression, when compared to h-TCC cell lines. h-UM-UC-3 and T24 cells had very low detectable COX-2 expression, whereas h-5673, K9TCC\#1Lillie, and K9TCC\#5Lilly cells had high COX-2 protein expression. All five tested TCC cell lines had high expression levels of COX-1 and NF-κB proteins.

Axitinib and AB1010 inhibited cell proliferation and induced apoptosis in TCC cells
-----------------------------------------------------------------------------------

Both the tested RTKIs, axitinib and AB1010, significantly reduced cell viability in a dose-dependent manner in all tested human and canine TCC cell lines as is shown in [Figure 2](#f2-dddt-12-1727){ref-type="fig"}. To further analyze the possible mechanism of axitinib and AB1010 in tested cells, we selected h-5637 and K9TCC\#1Lillie cells with the lowest and with the highest basal expression levels of PDGFRα and c-Kit receptors, respectively. The inhibition of cell viability in TCC cells by AB1010 treatment positively correlated with the expression levels of PDGFRα and c-Kit receptors in tested cells. AB1010 inhibited phosphorylation of c-Kit receptor in a dose-dependent manner causing the inhibition of cell viability in K9TCC\#1Lillie cells ([Figure S1](#SD1-dddt-12-1727){ref-type="supplementary-material"}). No expression of p-PDGFRα was detected in either tested cell line after RTKIs treatment. Total PDGFRα protein expression was detected in K9TCC\#1Lillie, but not in h-5637 cells ([Figure S1](#SD1-dddt-12-1727){ref-type="supplementary-material"}).

The effects of axitinib and AB1010 on cell apoptosis were evaluated using Annexin V-FITC staining by flow cytometry analysis and the caspase-3/7 activities assay. Doxorubicin (1 μM) treatment was used as a positive control for the detection of apoptosis (data not shown). After 24 hours treatment, both 5 μM axitinib and 5 μM AB1010 significantly increased apoptosis in h-5637 cells with a 3- and 1.5-fold increase, respectively, when compared to the control (DMSO) as is shown in [Figure 3A](#f3-dddt-12-1727){ref-type="fig"}. Axitinib treatment in h-5637 cells increased the number of apoptotic cells by 2-fold as compared to AB1010 treatment. In K9TCC\#1Lillie cells, both 5 μM axitinib and 5 μM AB1010 significantly increased apoptosis by 1.8-fold when compared to the control (DMSO) group as shown in [Figure 3B](#f3-dddt-12-1727){ref-type="fig"}. Axitinib, but not AB1010, significantly increased caspase-3/7 activity in h-5637 cells after 24-hour treatment as shown in [Figure 4A](#f4-dddt-12-1727){ref-type="fig"}. Neither axitinib nor AB1010 statistically significantly increased the caspase-3/7 activity in K9TCC\#1Lillie cells, as shown in [Figure 4A](#f4-dddt-12-1727){ref-type="fig"}. The apoptosis induced by axitinib was also confirmed by upregulation of cCaspase-3 and cPARP in tested h-5637 cells tested by WB analysis ([Figure 4B and C](#f4-dddt-12-1727){ref-type="fig"}). There were no detectable levels of cCaspase-3 expression in h-5637 cells by AB1010 treatment ([Figure 4B and C](#f4-dddt-12-1727){ref-type="fig"}). Axitinib (10 μM) and AB1010 (10 μM) treatments increased cCaspase-3 expression when compared to the control in the K9TCC\#1Lillie cells by 3- and 18-fold, respectively ([Figure 4B and C](#f4-dddt-12-1727){ref-type="fig"}). Axitinib and AB1010 treatments increased cPARP expression by \~4- and 2-fold, respectively, when compared to control in h-5637 cells as shown by densitometry analysis of WB data in [Figure 4B and C](#f4-dddt-12-1727){ref-type="fig"}. However, cleavage of PARP was not detected after treatment with AB1010 or axitinib in K9TCC\#1Lillie cells ([Figure 4B](#f4-dddt-12-1727){ref-type="fig"}).

Axitinib and AB1010 increased COX-2 expression in TCC cells
-----------------------------------------------------------

Both RTKIs, axitinib and AB1010, increased expression of COX-2 in h-5637 and K9TCC\#1Lillie cells in a dose-dependent manner ([Figure 5A](#f5-dddt-12-1727){ref-type="fig"}). Based on the densitometry analysis of COX-2 protein expression in h-5637 cells, a 2-fold increase in COX-2 expression was detected by both axitinib and AB1010 treatments when compared to the control. AB1010 treatment increased COX-2 protein expression in the K9TCC\#1Lillie cells by 4-fold when compared to the control as shown in [Figure 5B](#f5-dddt-12-1727){ref-type="fig"}. RTKI treatments had no effects on NF-κB expression in h-5637 cells ([Figure 5A](#f5-dddt-12-1727){ref-type="fig"}). However, AB1010 treatment increased NF-κB expression in a dose-dependent manner in the K9TCC\#1Lillie cells. Axitinib and AB1010 significantly reduced the phosphorylation of Akt in h-5637 cells in a dose-dependent manner as shown in [Figure 5A](#f5-dddt-12-1727){ref-type="fig"}. In contrast, axitinib, but not AB1010, increased the phosphorylation of Akt in K9TCC\#1Lillie cells ([Figure 5A and B](#f5-dddt-12-1727){ref-type="fig"}). Neither axitinib nor AB1010 treatments had effects on the phosphorylation of ERK1/2 in h-5637 or K9TCC\#1Lillie cells (data not shown).

NSAIDs inhibited AB1010-induced COX-2 expression in TCC cells in vitro
----------------------------------------------------------------------

To test our hypothesis that inhibition of AB1010-induced COX-2 expression might lead to more effective inhibition of cell viability of bladder cancer cells by RTKIs, TCC cells were co-treated with RTKIs and indomethacin (nonselective NSAID). Co-treatment of 5 μM AB1010 with 5, 10, 50, or 100 μM indomethacin was more effective in inhibiting cell viability of K9TCC\#1Lillie as compared to either treatment alone as is shown in [Figures 6A](#f6-dddt-12-1727){ref-type="fig"} and [S2](#SD2-dddt-12-1727){ref-type="supplementary-material"}. Co-treatment of AB1010 and indomethacin was more effective in the inhibition of cell viability of K9TCC\#1Lillie cells as compared to h-5637 cells ([Figure 6A](#f6-dddt-12-1727){ref-type="fig"}) due to higher expression of the target receptors, c-Kit and PDGFR in K9TCC\#1Lillie cells ([Figure 1](#f1-dddt-12-1727){ref-type="fig"}). In addition, indomethacin inhibited AB1010-induced COX-2 expression in K9TCC\#1Lillie cells as shown in [Figure 6B and C](#f6-dddt-12-1727){ref-type="fig"}. Co-treatment of AB1010 with indomethacin did not affect the expression of NF-κB in either tested TCC cells ([Figure 6B](#f6-dddt-12-1727){ref-type="fig"}), reduced Akt expression levels in K9TCC\#1Lillie cells ([Figure 6B](#f6-dddt-12-1727){ref-type="fig"}), and increased the cPARP expression in h-5637 cells, however, no cPARP levels were detected in K9TCC\#1Lillie cells ([Figure 6B and C](#f6-dddt-12-1727){ref-type="fig"}).

NSAIDs inhibited AB1010-induced PGE~2~ production in K9TCC\#1Lillie cells in vitro
----------------------------------------------------------------------------------

To evaluate the effects of AB1010 and indomethacin co-treatment on COX-2 activity in h-5637 and K9TCC\#1Lillie cells, released levels of PGE~2~ in media were measured by ELISA assay as shown in [Figure 7A and B](#f7-dddt-12-1727){ref-type="fig"}. Indomethacin alone and in combination with AB1010 significantly inhibited PGE~2~ production in h-5637 cells. No significant change in PGE~2~ production was detected after AB1010 treatment in h-5637 cells ([Figure 7A](#f7-dddt-12-1727){ref-type="fig"}). AB1010 treatment significantly increased PGE~2~ levels by 2-fold in K9TCC\#1Lillie cells. In addition, indomethacin inhibited AB1010-induced PGE~2~ production in K9TCC\#1Lillie cells by 5-fold ([Figure 7B](#f7-dddt-12-1727){ref-type="fig"}).

Discussion
==========

Bladder TCC comprises 90% of all bladder cancer cases in USA. Selection of treatment for patients diagnosed with bladder TCC depends on the grade (low or high) and invasiveness of the tumor. Surgery and conventional chemotherapy are used for low-grade TCC cases, but patients with advanced TCC rely on nonconventional treatment options, such as radical surgery, novel therapeutics, and combination therapies.[@b1-dddt-12-1727] Axitinib is a US Food and Drug Administration-approved second-line RTKI therapy for patients with metastatic RCC.[@b13-dddt-12-1727] In Europe, AB1010 is used for patients diagnosed with GIST and significantly improves prognostic outcomes.[@b21-dddt-12-1727] In this study, we have confirmed that AB1010 as compared to axitinib more efficiently inhibited cell viability of K9TCC\#1Lillie cells through inhibition of the c-Kit receptor and Akt signaling pathways. In addition, RTKIs increased apoptosis in both tested TCC cells. However, RTKIs treatment caused increased expression of COX-2 in tested TCC cells. Co-treatment of RTKIs with indomethacin inhibited cell viability and AB1010-induced COX-2 expression resulting in decreased PGE~2~ production in tested TCC cells.

Overexpression of multiple RTKs (PDGFRα/β, c-Kit, and VEGFR) and COX-2 is a common characteristic of bladder cancer.[@b3-dddt-12-1727]--[@b5-dddt-12-1727],[@b24-dddt-12-1727],[@b25-dddt-12-1727] Basal expression profile of these RTKs indicates that tested h-TCC cells had lower expression of the RTKs (c-Kit and PDGFRα) when compared to the tested K9TCC cells ([Figure 1](#f1-dddt-12-1727){ref-type="fig"}). Our results are consistent with a previously published study[@b50-dddt-12-1727] where low or no levels of mRNA or proteins of c-Kit were detected in h-5637 and T24 cells. Only UM-UC-3 cells have high levels of PDGFRα mRNA, but no expression of c-Kit mRNA as detected by RT-PCR analysis.[@b50-dddt-12-1727] The activation of the phosphatidylinositol-3-kinase/Akt pathway and loss of phosphatase and tensin homolog deleted on chromosome 10 correlate with tumor progression and poor patient prognosis.[@b51-dddt-12-1727],[@b52-dddt-12-1727] The expression of phosphorylated Akt was not detected in either of the tested canine TCC cells. h-T24 and UM-UC-3 cells have little to no detectable levels of COX-2 expression, respectively, when compared to K9TCC\#1Lillie and K9TCC\#5Lilly cells ([Figure 1](#f1-dddt-12-1727){ref-type="fig"}). Our results concur with previously published studies[@b53-dddt-12-1727],[@b54-dddt-12-1727] where no protein levels of COX-2 are detected in UM-UC-3 cells.

While AB1010 decreased cell viability and inhibited phosphorylation of c-Kit, increased levels of COX-2 and NF-κB expressions were detected in h-5637 and K9TCC\#1Lillie cells ([Figure 5A](#f5-dddt-12-1727){ref-type="fig"}). Increased COX-2 expression has been demonstrated in vitro and in vivo using several primary K9TCC cell lines, but the mechanisms by which AB1010 increases COX-2 expression are still not well understood.[@b39-dddt-12-1727] We hypothesize that the increased COX-2 levels by RTKI could possibly lead to drug resistance in COX-2 expressing tumors. To prove our hypothesis, we evaluated the effects of co-treatment of AB1010 with indomethacin (NSAID) in h-5637 and K9TCC\#1Lillie cells. Indeed, the co-treatment of AB1010 with indomethacin significantly reduced cell viability and COX-2 expression in h-5637 and K9TCC\#1Lillie cells. Similar results have been demonstrated in patients with advanced pancreatic cancer, who received combination therapy with AB1010 and gemcitabine compared to either treatment alone.[@b18-dddt-12-1727]

NSAIDs are commonly used for the treatment of inflammation as well as cancer.[@b30-dddt-12-1727],[@b55-dddt-12-1727] We evaluated the effects of celecoxib (a COX-2 selective inhibitor; data not shown) and indomethacin (nonselective NSAID) on cell viability of bladder TCC cells. Our results indicated that co-treatment of AB1010 with indomethacin significantly inhibited cell viability in h-5637 and K9TCC\#1Lillie cells ([Figure 6A](#f6-dddt-12-1727){ref-type="fig"}). Co-treatment of AB1010 with indomethacin decreased the phosphorylation of Akt (Ser473) in both TCC cells, and decreased COX-1 and COX-2 protein expression levels in K9TCC\#1Lillie cells ([Figure 6B and C](#f6-dddt-12-1727){ref-type="fig"}). Decreased levels of AB1010-induced COX-2 were detected after co-treatment with indomethacin in both TCC cells. Increased prostaglandins production positively correlates with COX-2 expression levels and progression of cancer.[@b26-dddt-12-1727]--[@b29-dddt-12-1727] To validate whether AB1010 and indomethacin affect the activity of COX-2 in the tested cells, we measured the levels of PGE~2~ released into media 24 hours after treatment of cells. AB1010 increased significantly the levels of COX-2 and production of PGE~2~ in K9TCC\#1Lillie cells as shown in [Figure 7](#f7-dddt-12-1727){ref-type="fig"}. Indomethacin inhibited the production of PGE~2~ in both tested cells and in addition, in co-treatment with AB1010, inhibited AB1010-induced COX-2 activity resulting in the inhibition of PGE~2~ production in canine TCC cells. Currently, co-treatments of conventional chemotherapy agents with molecular targeted agents have been successfully applied for patients with drug-resistant cancers, including breast, lung, and colon cancer.[@b56-dddt-12-1727]--[@b58-dddt-12-1727] COX-2/PGE~2~ signaling pathway exerts pro-oncogenic effects through the activation of receptor tyrosine kinases in colorectal cancer[@b59-dddt-12-1727] and non-small-cell lung cancer[@b60-dddt-12-1727] that supports our finding that co-treatment of RTKIs and NSAIDs might indicate better results for bladder cancer. Further experiments in vivo need to be conducted to confirm our findings of the beneficial role of NSAIDs in co-treatment with RTKIs in bladder TCC cells in vitro.

Conclusion
==========

Drug resistance is one of the many challenges in the treatment of bladder cancer. Thus, co-treatment of RTKIs with COX inhibitors might indicate better clinical outcomes for patients diagnosed with bladder cancer.

Supplementary materials
=======================

###### 

Axitinib and AB1010 inhibit phosphorylation of c-Kit in K9TCC\#1Lillie cells. Human 5637 and K9TCC\#1Lillie cells were treated with 0, 1, 5, and 10 μM axitinib and AB1010 for 24 hours. The expression of p-c-Kit, c-Kit, p-PDGFRα, and PDGFRα proteins was determined by WB analysis. Actin was used as a loading control. No phosphorylated or total c-Kit expressions were detected in h-5637 cells. Both tested RTKIs inhibited phosphorylation of c-Kit in K9TCC\#1Lillie cells, but no p-PDGFRα levels were detected in either of the tested cell lines.

**Abbreviations:** PDGFRα, platelet-derived growth factor receptor α; p-PDGFRα, phosphorylated PDGFRα; RTKI, receptor tyrosine kinase inhibitor; WB, Western blot; MW, molecular weight.

###### 

Co-treatment of AB with Indo inhibited cell proliferation in TCC cells in vitro. Human 5637 and K9TCC\#1Lillie cells were treated either with 5 μM AB, or 5, 10, and 100 μM Indo, or combination treatment AB + Indo. Cell proliferation was determined by MTS assay, and relative cell growth rates were normalized to the controls. Values represent mean ± SE of four replicates of three independent experiments; paired Student's *t*-test was used to compare the treatments to controls, \*\**p*\<0.01, and \*\*\**p*\<0.001. Student's *t*-test was used to compare 5 μM AB to AB + Indo, ^\#\#^*p*\<0.01, and ^\#\#\#^*p*\<0.001. Student's *t*-test was used to compare Indo treatment alone to co-treatment of AB + Indo, ^‡^*p*\<0.05, ^‡‡^*p*\<0.01, and ^‡‡‡^*p*\<0.001.

**Abbreviations:** AB, AB1010; Indo, indomethacin; MTS, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium salt; TCC, transitional cell carcinoma.
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![Expression profile of RTKs and COXs signaling pathway proteins in human and primary canine TCC cells by WB analysis. Cells were grown in the absence (−) or presence (+) of FBS for 24 hours. The expression of c-Kit, PDGFRα, p-ERK1/2, ERK1/2, p-Akt (Ser473), Akt1/2/3, COX-1, COX-2, and NF-κB (specific band labeled with arrow) proteins was evaluated by WB analysis. Actin was used as a loading control. Tested K9TCC cells had higher expression of RTK and COX proteins as compared to h-T24, 5637, and UM-UC-3 cells.\
**Abbreviations:** COX, cyclooxygenase; RTK, receptor tyrosine kinase; WB, Western blot; TCC, transitional cell carcinoma; PDGFR, platelet-derived growth factor receptor; NF-κB, nuclear factor kappa-light-chain-enhance of activated B cells; ERK1/2, extracellular signal regulated kinases 1/2; Akt, V-akt murine thymoma oncogene homolog 1; p-ERK1/2, phosphorylated ERK1/2; p-Akt, phosphorylated Akt; FBS, fetal bovine serum; MW, molecular weight; ns, non-specific.](dddt-12-1727Fig1){#f1-dddt-12-1727}

![Axitinib and AB1010 inhibited cell proliferation in TCC cells in a dose-dependent manner. (**A**, **B**) h-UM-UC-3, T24, and 5637, and (**C**, **D**) K9TCC\#1Lillie and K9TCC\#5Lilly cells were treated with axitinib and AB1010 at a dose of 0, 1, 5, and 10 μM for 48 hours and cell viability was assessed by MTS assay. Both the tested RTKIs inhibited cell viability of TCC cells in a dose-dependent manner. Relative cell growth rates were normalized to the controls. Values represent mean ± SE of four replicates from three independent experiments; paired Student's *t*-test, \**p*\<0.05, and \*\*\**p*\<0.001. Symbols denote *p*-value for each cell line: \*(UM-UC-3), ^Δ^(T24), ^&^(5637), ^‡^(Lillie), and ^+^(Lilly) ^&&&^*p*\<0.001, ^ΔΔΔ^*p*\<0.001, ^‡‡‡^*p*\<0.001, ^+++^*p*\<0.001, ^+^*p*\<0.05, ^‡^*p*\<0.05, and ^Δ^*p*\<0.05.\
**Abbreviations:** MTS, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium salt; TCC, transitional cell carcinoma; RTKI, receptor tyrosine kinase inhibitor.](dddt-12-1727Fig2){#f2-dddt-12-1727}

![Axitinib and AB1010 induced apoptosis in h-5637 cells. (**A**) h-5637 and (**B**) K9TCC\#1Lillie cells were treated with 5 μM axitinib and 5 μM AB1010 for 24 hours and cells were stained with Annexin V-FITC and PI followed by flow cytometry analysis. Percentage of apoptotic cells (positive for both Annexin V-FITC and PI staining) of treatment groups were normalized to the control (DMSO). Both axitinib and AB1010 significantly increased apoptosis in h-5637 and K9TCC\#1Lillie cells. Values represent mean ± SE of two replicates from three independent experiments; paired Student's *t*-test, \**p*\<0.05, and \*\**p*\<0.01.\
**Abbreviations:** FITC, fluorescein isothiocyanate; PI, propidium iodide; DMSO, dimethyl sulfoxide; Ctrl, control.](dddt-12-1727Fig3){#f3-dddt-12-1727}

###### 

Axitinib activates caspase-3/7 and cleavage of caspase-3 in TCC cells. h-5637 and K9TCC\#1Lillie cells were treated with 0, 1, 5, and 10 μM axitinib or AB1010 for 24 hours. (**A**) Relative activities of caspase-3/7 were detected from cell lysates using the Caspase-Glo 3/7 luminescence assay. Both RTKIs treatments increased the caspase-3/7 activities in h-5637 cells, but not in K9TCC\#1Lillie. Relative caspase-3/7 activities were normalized to control and values represent mean ± SE of two replicates of three independent experiments. Student's *t*-test, \*\**p*\<0.01. (**B**) Axitinib treatment significantly increased the expression of cPARP (specific band labeled with arrow) in h-5637 cells and cCaspase-3 in both h-5637 and K9TCC\#1Lillie cells as detected by WB analysis. The treatment of 10 μM AB1010 significantly increased cCaspase-3 expression in K9TCC\#1Lillie cells. Actin was used as a loading control. (**C**) Densitometry analyses of cCaspase-3 and cPARP protein levels from WB analysis were performed using VisionWorks analysis software. Values represent the mean ± SE of the measured densitometry of each protein band from three independent experiments. Paired Student's *t*-test was used to compare axitinib and AB1010 treatments to control groups (\**p*\<0.05, \*\**p*\<0.01, \*\*\**p*\<0.001).

**Abbreviations:** RTKI, receptor tyrosine kinase inhibitor; WB, Western blot; MW, molecular weight; TCC, transitional cell carcinoma; cPARP, cleaved poly (ADP-ribose) polymerase; cCaspase-3, cleaved caspase-3.
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![Axitinib and AB1010 increased COX-2 expression in a dose-dependent manner in tested TCC cells by WB analysis. (**A**) h-5637 and K9TCC\#1Lillie cells were treated with axitinib and AB1010 at doses of 0, 1, 5, and 10 μM for 24 hours. Actin was used as a loading control. Axitinib and AB1010 increased COX-2, but not NF-κB (specific band labeled with arrow) expression in h-5637 cells. AB1010 increased COX-2 and NF-κB protein expression in a dose-dependent manner in K9TCC\#1Lillie cells. (**B**) Densitometry analysis of COX-2 and p-Akt protein bands from WB analysis was performed using VisionWorks analysis software. Values represent the mean ± SE of the measured densitometry of each protein band from three independent experiments. Paired Student's *t*-test was used to compare axitinib and AB1010 treatments to controls (\**p*\<0.05, \*\**p*\<0.01, \*\*\**p*\<0.001).\
**Abbreviations:** COX, cyclooxygenase; WB, Western blot; TCC, transitional cell carcinoma; NF-κB, nuclear factor kappa-light-chain-enhance of activated B cells; Akt, V-akt murine thymoma oncogene homolog 1; p-Akt, phosphorylated Akt; MW, molecular weight; ns, non-specific.](dddt-12-1727Fig5){#f5-dddt-12-1727}

###### 

Co-treatment of AB with Indo inhibited cell viability and AB-induced COX-2 expression in TCC cells. (**A**) h-5637 and K9TCC\#1Lillie cells were treated with 5 μM AB, 50 μM Indo, and in combination (AB + Indo). Cell viability of TCC cells was determined by MTS assay. Co-treatment of AB with Indo inhibited cell viability more effectively than either treatment alone in bladder cancer cells. Values represent mean ± SE of four replicates of three independent experiments; paired Student's *t*-test was used to compare the treatment to control groups, \*\**p*\<0.01 and \*\*\**p*\<0.001. Student's *t*-test was used to compare AB + Indo to AB treatment groups, ^\#^*p*\<0.05. Student's *t*-test was used to compare AB + Indo to Indo treatment groups, ^‡‡^*p*\<0.01 and ^‡‡‡^*p*\<0.001. (**B**) h-5637 and K9TCC\#1Lillie cells were co-treated with 50 μM Indo and 5 μM AB, or each drug alone for 24 hours. The expression of COX-1, COX-2, NF-κB (specific band labeled with arrow), p-Akt (Ser473), Akt1/2/3, and cPARP (specific band labeled with arrow) proteins was determined by WB analysis. Actin was used as a loading control. AB-induced COX-2 expression was inhibited by co-treatment with Indo in h-5637 and K9TCC\#1Lillie cells. (**C**) Densitometry analysis of COX-2, p-Akt (Ser473), and cPARP protein bands from WB analysis was performed using VisionWorks analysis software. Values represent the mean ± SE of the measured densitometry of each protein band of three independent experiments. Paired Student's *t*-test was used to compare AB, Indo, and AB + Indo treatments to control groups, \**p*\<0.05, \*\**p*\<0.01, \*\*\**p*\<0.001.

**Abbreviations:** AB, AB1010; Indo, indomethacin; COX, cyclooxygenase; WB, Western blot; TCC, transitional cell carcinoma; NF-κB, nuclear factor kappa-light-chain-enhance of activated B cells; Akt, V-akt murine thymoma oncogene homolog 1; p-Akt, phosphorylated Akt; MTS, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium salt; MW, molecular weight; cPARP, cleaved poly (ADP-ribose) polymerase; ns, non-specific.
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![Co-treatment of AB with Indo inhibited PGE~2~ levels produced by bladder TCC cells. (**A**) h-5637 and (**B**) K9TCC\#1Lillie cells were treated with 5 μM AB and 50 μM Indo alone or in combination (AB + Indo). PGE~2~ levels in cell culture media collected 24 hours after treatment were determined by ELISA. Indo significantly reduced the production of PGE~2~ by bladder TCC cells. Co-treatment of AB with Indo significantly decreased the AB-induced PGE~2~ levels produced by K9TCC\#1Lillie cells. Values represent mean ± SE of three replicates of three independent experiments; paired Student's *t*-test was used to compare treatments to the control groups, \**p*\<0.05 and \*\*\**p*\<0.001.\
**Abbreviations:** AB, AB1010; Indo, indomethacin; TCC, transitional cell carcinoma; ELISA, enzyme-linked immunosorbent assay; PGE~2~, prostaglandin E2.](dddt-12-1727Fig7){#f7-dddt-12-1727}
